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2.1
1(a) , 2 , $x$ ,
$x=\pm h0)$ $\sim^{7=h}\pm$ , $\sim\#=\pm H$ . $(x, y, z)$
$u=(u, v, w)\}u\pm=(u\pm, v\pm, w\pm)$ , $P_{)}P\pm$ , $\rho_{L\}}\rho c$ ,
$\sigma$ . , $h_{-}<z<h+$
$\nabla\sim u$ $=$ 0, (1)
$\rho_{L}(\partial u/\partial t+u\cdot\nabla u)$ $=$ $-\nabla p$ , (2)
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$(h_{+}<z<H, h_{-}>z>-H)$
$\nabla\cdot u\pm$ $=$ 0, (3)
$\rho_{G}(\partial u\pm/\partial t+u\pm\cdot\nabla u\pm)$ $=$ $-\nabla p\pm$ , (4)
. , $\nabla=(\partial/\partial x, \partial/\partial y, \partial/\partial z)$ .
,
$\partial h_{\pm}/\partial t$ $=$ $-u\pm$ $h_{\pm}/\partial x-$ ’ $\pm$ \partial h\pm /\partial y+w
$=$ $-u\partial h_{\pm}/\partial x-v\partial fi\pm/\partial y+w$ on $z=h_{\pm}$ , (5)
$w\pm$ $=$ 0 on $z=\pm H$ , (6)
$p-p\pm=\pm\sigma\kappa\pm$ on $z=h_{\pm}$ , (7)
.
,
$k\pm$ $=$ $[-(\partial^{2}h\pm/\partial x^{2})[1+(\partial h_{\pm}/\partial y)\underline’]-(\partial^{9}.h_{\pm}/\partial y^{2})[1+(\partial h_{\pm}/\partial x)^{2}]$
$+2(\partial h|\pm/\partial x)(\partial h_{\pm}/\partial y)(\partial\underline’ h_{\pm}/\partial x\partial y)]$ . $[1+(\partial h\pm/\partial x)^{\mathrm{o}}$. $+(\partial h_{\pm}/\partial y)^{2}]^{-3/2}$ , (8)
.
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$1(\mathrm{b})$ $r$ , 2 $h0$ ,
$r=h$ \sim $=H$ . $(r, \theta, z)$ ,
$u=(u, v, w),$ $u_{t_{J}^{\neg=}}$ ( $uc,$ $vc.$ , wG) $p,p_{G_{1}}$ $\beta L,$ $\beta G$ ‘J“‘l
$\sigma$ . , $0<r<h$
$\nabla\cdot u$ $=$ 0, (9)
$\rho_{L}(\partial u/\partial \mathrm{f}+u\cdot\nabla u)$ $=$ $-\nabla p_{\backslash }$ (10)
$(h<r<H)$
$\nabla\cdot u_{G}$ $=$ 0, (11)
$\rho_{G}(\partial u_{G}/\partial t+u_{G}\cdot\nabla u_{G}‘)$ $=$ $-\nabla p_{G}$ , (12)
. , $\nabla=(\partial/\partial r, 7^{\cdot}-[perp]\partial/\partial\theta, \partial/\partial_{\sim}^{\gamma})$.
7
$\partial h/\partial t$ $=$ $-(vG/r)(c’Jh/\partial\theta)-wG(\partial h/\partial_{\sim}^{\gamma})$ $uG$
$=$ $-(v/r)(\partial h/\partial\theta)-w(\dot{c}^{-}th./\partial z)+u$ , $011$ $\uparrow\cdot=h$ , (13)
$u_{G}$ $=$ 0 on $r=H$, (14)
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,
$p-p_{G}=\sigma\kappa$ on $r=h$ , (15)
, , $n=(1, -?.-1\partial h/\partial\theta, -\partial hf\partial z)/\sqrt{1+(\partial h/\partial_{\sim}\sim)^{2}+r^{-2}(\partial h/\partial\theta)^{2}}$.
, $l\sigma=\nabla\cdot n$
$f_{:}’$, $=$ $[h^{-1}[1+(\partial h/\partial z)^{9}arrow]+2h^{-3}(\partial h/\partial\theta)^{2}-h^{-2}(\partial\underline’ h/\partial\theta^{2})[1+(\partial h/\partial z)^{2}]$
$-(\partial^{\wedge}h/?\partial z^{2})[h^{-2}(\partial h/\partial\theta)^{2}+1]+(\partial h/\partial z)(\partial h/\partial\theta)(\partial^{2}h/\partial z\partial\theta)(1+h^{-2})]$





$u=(U, 0,0),$ $u\pm=0,$ $h\pm=\pm h_{0_{i}}p=p\pm=p0$ $\tilde{u},\tilde{u}\pm,\tilde{p},\overline{p}\pm,\tilde{\eta}\pm$
:
$u=(.U, 0,0)$ $\tilde{u}$ , $u\pm=\tilde{u}\pm$ , $p=p0+\tilde{p}$ , $p\pm=.p0+\tilde{p}\pm$ , h\pm =\pm h0+\eta \tilde . (17)
, :
$(\tilde{u},\tilde{u}\pm,\hat{p},\tilde{p}\pm,\tilde{\eta}\pm)=(\overline{u}(z))\overline{u}\pm(z),p(z),p\pm(_{\sim}7),\overline{77}\pm)\exp[\mathrm{i}(k\cdot r-\omega t)]$ . $(1\mathrm{S})$
, $(x, y)$ $T=(x, y)$ $k=(k_{x}, k_{y})$ . (17), $(1\mathrm{S})$ (1)
(7) 2 , (sinuous.), (bulge)
:
$(\omega^{*}/k^{*}-\cos\theta)^{2}\tanh k^{*}+\gamma(\omega^{*}/k^{*}.)^{2}Q$ $=$ $k^{*}/W\mathrm{e}$ (sinuous mode), (19)
$(\omega^{*}/k^{*}-\cos\theta)^{2}\coth k^{*}.+\gamma(\omega^{*}/k^{*})^{2}Q$ $=$ $k^{*}/We$ (bulge mode) $\}$ (20)
, $k=$ $\cos\theta=k_{x}./k$ $\theta$ ,
, $k^{*}=h0k,$ $\omega^{*}=h_{0}\omega/U$ , $\delta=H/h_{0}(>1)$ ,
$\gamma=\rho_{G}/\rho_{L}$ Weber We $=\rho_{L}U^{2}h_{\mathit{0}}/\sigma$ . ,
$Q=\coth(\delta-1)k^{*}$ , (21)
$(\delta>1)$ , $(\deltaarrow 1)$ $Q$ ,
$(\delta\gg 1)$ $Qarrow 1$ . ( k $Q$
, . , . , $Q$
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$\gamma$ . , $\cos\theta$ ,
$(\theta=0)$ .
(1 $\mathrm{S}\rangle$ $\omega^{*}$ $\omega_{I}^{*}$ , $k^{*}$ } $\omega_{I}^{*}$
$2(\mathrm{a})$ $\theta=0$ . $\delta$ We





$u=(0,0, U)+\tilde{u}$ , $u_{G}=\tilde{u}_{G}$ , $p=p_{0}+\sigma/h_{0}+\tilde{p}$ , $p_{G}=p_{0}+\tilde{p}_{G)}$ $h=h_{0}+\tilde{\eta}$ . (22)
:
$(\tilde{u},\tilde{u}_{G},\tilde{p},\tilde{p}_{G},\tilde{?7})=(\overline{u}(r),\overline{u}_{G}(r),\overline{p}(r),\overline{p}_{G}(r),\overline{\eta})\exp[\mathrm{i}(kz+m\theta-\omega t)]$ , (23)
(22) (23) (9) (14) 2 , :
$[(A_{1}-\gamma\cdot A_{2})-A_{1}A_{3}(1-\gamma)]\omega^{*}.-2A_{1}(\underline{)}1-A_{3})k^{*}\omega^{*}+A_{1}(1-A_{3})k^{*\underline{?}}+(1-A_{3})k^{*}(1-m^{2}-k^{*2}.)/\mathrm{W}\mathrm{e}=0,$ (24)
,
$A_{l}=I_{-}(k’)/I_{rn}’(k^{*})$ , $A\underline{\circ}=\mathrm{A}_{m}’(k^{*})/I\acute{\iota}_{m}’(k^{*})$ , $A_{3}= \frac{R_{m}’’(\delta k^{*})I_{m}’(k^{*})}{I_{\mathfrak{R}}’(\delta k^{4}*)I\mathrm{i}_{m}^{r}\prime(\delta L^{*})}...$
.
$\cdot$
$I_{n1},$ $\mathrm{A}_{m}’$ 1 , 2 $\mathrm{m}$ , ’ ,
, $k^{*}=kh_{0},$ $\omega^{*}=\omega h_{0}/U$ , $\delta=H/h_{0},$ $\gamma^{J}=\rho c/\rho_{L_{1}}$ $We=$
$\rho LU^{2}h\mathrm{o}/\sigma$ . $(\delta\gg 1)$ $A_{3}arrow 0$ , $(\deltaarrow 1)$
$A_{3}arrow 1$ . $2(\mathrm{b})$ $k^{*}$ $\omega_{I}^{*}$ . We
, $0<k^{*}<1$
$(m=0)$ (Rayleigh mode). , $\delta$
. , $\mathrm{V}1^{f}\mathrm{e}$











112: Temporal growth rates obtaind by the exact linear analysis;(a) planar jet, (b) cylindrical jet.
4.1
$1(\mathrm{a})$ $b=h_{+}-h_{-}$ , $\eta=(h++h_{-})/2$ ,
$b\pm=H\mp h\pm,$ $\eta\pm=(\pm H+h_{\pm})/2$ . [4] $(z-\eta)$
$(z-\eta\pm)$ :
;
$u(x, z,\cdot t)$ $=$ $u_{0}+(z-\eta)u_{1}+(z-\eta.)^{2}u\underline{\eta}+\cdots$ ,
$v(.x, z,t)$ $=$ $v_{0}+(z-\eta)v_{1}+(z-\eta)^{\gamma}arrow v_{7}$. $+\cdots$ , (25)
$p(x, z, t)$ $=$ $p_{0}+(z-\eta)p_{1}+(_{\sim}^{\gamma}-\eta).’ p_{2}+\cdots$ ,
;
$u\pm(x,$ $z,t\dot{)}$ $=$ $u\mathrm{c}\pm+(z-\eta\pm)u_{1\pm}+(_{\sim}^{\gamma}-\eta\pm)^{\underline{7}}u_{2}\pm+\cdots$ ,
$v\pm(x$ ,:., $t)$ $=$ v0\pm +( $\eta\pm$ ) $v_{1\pm}+(z-\eta\pm)^{2}v_{2\pm\dagger}\cdots$ , (26)
$p\pm(X, \sim r,l)$ $=$ $p_{0\pm}+(z-\eta\pm)p_{1\pm}+(z-\eta\pm)_{P1\pm+}^{2}\cdots)$
\S . 1 .
, (25) (1) $,(5)$ (6)
$\partial?\sim//\partial t$ $u_{0}\partial\eta/\partial x-v0=0$ , (27)
$\partial b/\partial t$ $u_{0}\partial b/\partial\acute{.}\iota$. $+b\partial u_{0}/\partial x=0$ , $(2\mathrm{S})$
, (4)
$\partial u_{0}/\partial t$ $u_{0}\partial u_{0}/\partial x=-(1/\rho_{L})(\partial p0/\partial x-p_{1}\partial\eta/\partial x))$ (29)
$\overline{\mathrm{d}}.v\mathrm{o}/\partial t+u\mathit{0}\partial v\mathrm{o}/\partial x=-(1/\rho_{L})p_{1}$, (30)
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. , $f\pm=[1+(\partial(\eta\pm b/2)/\partial x)\vee’]^{-3/2}$
$p0$ $=$
$(p_{0+}+p_{0-})/2- \sigma[f_{+}\frac{\partial^{2}}{\partial x^{2}}(\eta+b/2)-f_{-}\frac{\partial^{\gamma}\sim}{\partial x^{2}}(\eta-b/2)]$
$+(1/4)[t_{\backslash }.H-b/2-\eta$ )$p_{1+}-(H-b/2+\eta)p_{1-]}$ , (31)
$bp_{1}$ $=$ $(p_{0+}-p_{0-})+(\eta-H+b/2)(.p_{1}+/2)-(\eta+H-b/2)(p_{1-}/2)$
$- \sigma[f_{+}\frac{\partial^{2}}{\partial x^{2}}(\eta+b/2)+f_{-}\frac{\partial^{9}\sim}{\partial x^{\underline{\eta}}}(?\}-b/2)]$. (32)
, , (26) (3), (5), (6), $\dot{(}4)_{\mathrm{J}}(\overline{l})$
$\partial\eta\pm/\partial t+u_{0\pm}\partial\eta\pm/d\ulcorner x-v_{0\pm}$ $=$ 0, (33)
$\partial b_{\pm}/\partial t+u0\pm^{\partial b}\pm/\partial x+b\pm\partial u_{0\pm}/\partial x$ $=$ 0, (34)
$\partial u0\pm/\partial t+u_{0\pm}\partial u0\pm/\partial x$ $=$ $-(1/\rho_{G})(\partial p0\pm/\partial x-p_{1\pm}\partial\eta\pm/\partial x)$ , (35)
$\partial v0\pm/\partial t+u_{0\pm}\partial v_{0\pm/\partial_{X}}$ $=$ $-(1/\rho c)p_{1\pm}$ . (36)
, (27) (30) (33) (36) 12 (31) (32) \check ‘
.
4.2
1(b) $b=H-h_{1}$ $R=(H+h)/2$ , ,
[8]
$\iota\iota’(?"\sim’/, t)=w_{0}+r^{\mathrm{o}}.w_{1}+\cdots)$ $p(r, z, t)=p_{0}+r^{\underline{7}}p_{1}+\cdots$ , (37)
,
$u_{\mathrm{C}\tau^{i}}(r, z, t)$ $=$ $u_{G0}+(r-R^{\cdot})u_{G1}+(r-R)^{2}u_{G2}+\cdots 1$
$w_{G}(?\backslash , z,t)$ $=$ $w_{G0}+(r-R)w_{G1}+(_{\backslash }r-R).arrow w_{G2\cdot)}+)\ldots$ (38)
$p_{G}(r, Z_{\}}t)$ $=$ $p_{G}0+(\tau\cdot-R)p_{G1}+(r-R)^{\underline{?}}p_{G2}+\cdots\}$
$(r-R)$ $[_{\dot{l}}]$ . ,
. , (37) (9)
$u=-(r/2^{\cdot})\partial w_{0}/\partial z-(r^{9}./4’)\partial u)2/\partial z+\cdots \mathrm{J}$ (39)
, (10)
$\partial w_{0}/\partial t+w_{0}\partial w_{0}/\partial_{\sim}^{\gamma}=-(1/p_{L})(\partial p_{0}/\dot{\tilde{c}}^{1}z)$. (40)
, (13)
$\partial h/\partial t+w_{0}\partial h/\partial z=-(h/21(’\partial w\mathrm{o}/\partial_{\sim}\mathit{7}))$
$(41\dot{)}$
. , (11), (13), $(1^{l}4)$
$\partial R/\partial t+w_{G0}\partial R/\partial z-u_{G0}$ $=$ 0, (42)
$\partial(Rb)/\partial t+\mathrm{c}^{r}t(Rbw_{G0})/\partial z$ $=$ 0. (43)
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, (12)
$\rho_{G}(\partial w_{G0}/\partial t+w_{G0}\partial w_{G0}/\partial z)$ $=$ $-\partial p_{G0}/\partial z+p_{G1}\partial R/\partial z$ , (44)
$p_{G}(\partial u_{G0}/\partial t+w_{G0}\partial u_{G0}/\partial z)$ $=$ $-p_{G1\}}$ (45)
. , $h^{\underline{?}}\ll|h-R|$ (15)
$p0-[\mathrm{P}G0+(h-R)p_{G1}]=\sigma[(1+(\partial h/\partial z)^{2})/h-\partial^{2}h/\partial z^{2}]$ . $[1+(\partial h/\partial_{\sim}^{p})^{2}]^{-3/2}$ , (46)






$U$ , $b_{0}$ , $\overline{p}$ , :




$\tilde{b}\tilde{u}0\}\pm,\tilde{v}0\pm,\tilde{P}0\pm,\tilde{p}_{1\pm)}=(\overline{u}_{0},\overline{v}_{0},\overline{\eta},$ $\overline{b},$ $\cdot\overline{u}0\pm,\overline{\tau\prime}0\pm,\overline{P}0\pm,\overline{p}\mathrm{t}\pm)\mathrm{e}\mathrm{x}^{r}\mathrm{p}[\mathrm{i}(kx-\omega t)]$ ,
(47) (27) (36) , 2 ,
:
$(\omega^{*}-k^{*})^{2}+[\prime 4+(\delta-1)^{2}k^{*2}]\gamma\omega^{*2}[4(\tilde{b}-1)k^{*}\underline’]^{-1}$ $=$ $k^{*2}/\mathrm{W}\mathrm{e}$ (sinuous mode), $(4\mathrm{S})$
$(\omega^{*}-k^{*})’\underline{\prime}+[4+(\delta-1).arrow k^{*2}’]\gamma\omega^{*2}[4(\delta-1)]^{-1}$ $=$ $k^{*4}/\mathrm{W}\mathrm{e}$ (bulge mode). (49)
, $b\mathrm{o}/2$ , $U$ , $b0/2U$ ,
$k^{*},$ $\omega^{*}$ , $\gamma=\rho G/\rho_{L},$ $\delta=2H/b_{0},$ $We=\rho_{L}U^{\sigma_{)}}$ $b_{0}/2\sigma$ .
$3(\mathrm{a})$ $k^{*}$ $\omega_{I}^{*}$ (19) (20) (48), (49) . $k\ll 1$
. , , ,
\mbox{\boldmath $\delta$}=25( 25 ) . ,
$\delta$ .
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$h=h_{0},$ $p_{0}=\overline{p},$ $pG0=\overline{p}G,$ $PG1=0$ , $\overline{p}-\overline{p}_{G}=\sigma/h_{0}$ ,
:
($w_{0,\}}hu_{G0},$ $w_{G0}$ , Po } $p_{G0},$ $p_{G1})=(U+\tilde{w}_{0)}h_{\cup}+\tilde{h},\tilde{u}_{G),}‘\tilde{w}_{G0},\overline{p}+\tilde{p}_{0\}}\overline{p}-\sigma/h_{0}+\tilde{p}_{G\mathrm{f}l},\tilde{p}_{G1)}$ (50)
56
Growth rate :planar $i\mathrm{e}\mathrm{t}1\mathrm{F}^{0.001,\mathrm{W}\mathrm{e}=100\rangle}$ Growth rate .cylindrical jet $(70.001, \mathrm{W}\mathrm{e}=100)$
$\dot{\overline{\mathrm{a}}}$
13: Comparison of the temporal growth rates between exact $\mathrm{a}\mathrm{n}\mathrm{a}1\mathrm{y}_{\mathrm{S}}\mathrm{i}\mathrm{s}$ and membrane $\mathrm{a}\mathrm{p}\mathrm{P}^{1\mathrm{O}\mathrm{X}\mathrm{i}\mathrm{m}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}\mathrm{S}_{\}}}.$ . $(\mathrm{a})$





) , 2 :
$[1+ \gamma\cdot(,\frac{1}{\deltaarrow-1}+\frac{\delta^{?}arrow-1}{8}k^{\sim}’)]\omega^{*^{2}}-\lrcorner 2k^{*}\omega^{*}+(1+\frac{1-k-}{2We’}.)k^{*^{9}}\lrcorner=0$ . (51)
, $h_{0}$ , $U$ , $b_{0}/2U$ , $k^{*}=kh_{0)}$
$\omega^{*}=h0\omega/U$ $\gamma=\rho G/\beta L,$ $\delta=H/h0$ }
$We=\rho_{L}h_{0}U^{2}/\sigma$ .
3(b) (24) (51) . $k\ll 1$
. , $\delta$ 5






(We ) , . ,
, .
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, , (We ) ,
, $k^{*}<1$ .






( 25 ) ,
5 .
, .
\S 4.1 , (27) (30) (33) (36) 12 (31) (32)
, , $u0,$ $v0,$ $b,$ $\eta,$ $u0\pm,$ $v0\pm$ $P\mathrm{o}\pm,$ $P1\pm$ $x$
2 , ,
\S 4.2 (40) (46) $h,$ $w0,$ $wG0,$ $uG0,$ $p$ ) $pc\mathrm{o},PG1$ , ,
$w0,$ $h,$ $wG0,$ $uG0$ $PG0,\mathrm{J}^{J}G1$ $z$ 2 .
, . .
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